Commercially available FO membranes have low water flux rates resulting in large size and mass requirements in Forward Osmosis and Reverse Osmosis (FO/RO) systems. Large system size translates to higher launch cost. Therefore, FO membranes that have higher water flux rates improve the overall FO/RO system economics. This paper describes the ML-1 zNANO LLC lipid based FO membranes testing results. The zNANO membranes are based on a lipidbilayer that can be used both in microfiltration and FO processes. zNANO membranes can be manufactured in a variety of layers configurations and electrical charges. This ability to manipulate membrane surface charges can be particularly useful as one can fabricate a membrane tailored for a specific process. This research characterized the u n s u p p o r t e d zNANO M L -1 membranes in order to optimize their performance in terms of water flux rates and contaminant rejection. Initial testing results indicated that t h e M L -1 zNANO membranes have 12 times the water flux rates than that of commercially available membrane when deionized water was used as the feed and with 2 mol/l sodium chloride solution was used as the brine. When secondary wastewater was used as the feed solution, the ML-1 zNANO membrane has 4.4 times the water flux rates than that of the commercially available membrane. In addition, the zNANO ML-1 membrane reject 82±14ppm, 90±7ppm, 92±4ppm, 92±3ppm, 88±3ppm, and 86±17ppm of ammonium, potassium, magnesium, calcium, nitrate, sulfate, and total organic carbon respectively.
for setup B. DI water produced by a system with an electrical conductivity of less than 10 µS/cm is used as a feed and 2 mol/l of brine is used as a draw solution. Stir plates are used to keep the solution well mixed.
For setup A, the membrane is installed in a stainless steel housing where it is sandwiched between plastic net spacers. O-rings and stainless steel plates are bolted together with fasteners. The solution flows into the module at the bottom and exits at the top outlet. This configuration allows air to exit from the top of the module. For the feed and brine side, flow rates and pressures are measured with analog gauges. A centrifugal magnetic drive pump (Cole Parmer 07003-04) is used to recirculate the brine solution at 7GPH. Electrical conductivity and temperature of the feed are measured using a bench top conductivity meter (YSI 3200). A calibration curve is generated to correlate the conductivity measurement and sodium chloride concentration. A stir plate is used to stir the feed and brine solution. The volume of the feed solution is measure using a scale.
Setup B has an active membrane area of 4.25×10 −4 m 2 . The zNANO membrane is provided by the zNANO LLC. and cut to the same size as the commercially available membrane. For setup B, there is no pressure gauge and flow rate gauge for both the feed and brine lines. Masterflex double head peristaltic pump (Cole-Palmer 77120-62) are used to recirculate solution through both sides of the membrane at 14mL/hr. Conductivity, temperature, and mass of the feed solution are automatically recorded via hyper terminal for 24 hours. 
B. Conditions and Parameters
Test conditions and parameters are shown in the 
III. Results and Discussion
Test results of the commercial membranes and the zNANO membrane with setup A and B are summarized in the Table 3 Electrical conductivity of the feed side increases over time due to the volumetric concentration in the feed and a small amount of salt back-flux from the brine solution into the feed tank. The amount of salt back-flux can be calculated using Equation (1) . Water flux rates are parameters for modeling the performance of FO membranes. The water flux rates are dependent on temperature and can be adjusted using Equation (2) .
where T: average operating temperature of the feed in ˚C T : average operating temperature of the feed in ˚C J : Flux Tests 2.1 to 2.3 show a back-flux of 0.8 g/L NaCl into the feed tank. This amount of salt back-flux significantly contributes to three different complications in the waste treatment process.
1. Salt loss on the OA side require a salt resupply cost to keep the OA tank replenished to prevent decreasing water flux rates decline.
2. As salt increase in the feed, the osmotic potential between the feed and the brine decrease thereby decreasing the water flux rates. 5 show the graphs of water flux rates for experiments conducted using set-up A when DI water and secondary wastewater were used as the feed solution and 2 mol/L of NaCl was used in the brine solution. These graphs show that for the commercially available membrane, the water flux rates is 7.2LMH when deionized water was used as the feed solution and 5.2LMH when wastewater was used as the feed solution. Figure 5 shows that the water flux rate increases dramatically to 86.1 LMH (with DI water as the feed solution and 2 mol/L of NaCl was used as the brine) when the zNANO membrane were used. Figure 7 shows the graph for the runs conducted with the zNANO membrane using wastewater as the feed solution and 2 mol/L NaCl as the brine. Here, water flux decrease from 86.1 LMH to 23.1 LMH due to the concentration polarization. These contaminants block out the permeation of water to the brine side. To avoid this kind of fouling on the membrane surface, more powerful pumps need to be used to provide more flow rate to the feed side to create turbulent shear flow on the membrane surface.
The notable result is that the water flux of the zNANO membrane is approximately 12x that of the commercial membrane for DI water and around 4.4x that of the wastewater feed solution.
To verify that data from both experimental set-ups are comparable, DI water test was conducted on both set-ups using the commercially available membrane. From Table 3 The ion rejections of both the commercially available and the zNANO ML-1 un-supported membranes are listed in Table . The zNANO membrane shows greater than 90% rejection of potassium, magnesium, and calcium. The zNANO membrane has 82±14%, 88±3%, and 86±17% rejection of ammonium, sulfate, and TOC respectively. However, both the ammonium and TOC data has high standard deviation due to the interference of the TOC and ammonium data in the analysis. The lowest rejection for the zNANO was for nitrates at 75±11%. Nitrite, bromide, and phosphate are present in amounts too low to detect. The rejection values for the commercial membranes are listed here as reference value. These contaminate rejection data show that the zNANO membrane can be used in FO wastewater treatment processes. Since the manufacturing of the ML-1 membrane, zNANO has fabricated a variety of other FO membrane types as well as improve on the ML-1. Table 4 : The table listing the ion rejections of both the commercial as well as the zNANO forward osmosis membrane using secondary wastewater as the feed and 2M sodium chloride as the brine. The result listed is based on the average ions rejection of all the triplicates runs. 
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IV. Conclusions
Based on our testing, the zNANO membrane has a water flux rate 12x higher than the commercially available membranes when DI water was used in the feed and 2 mol/L NaCl was used as the brine solution. Although the water flux rates decreased when wastewater was used in the feed solution, in such a paradigm, the zNANO membrane still yields a water flux rate 4.4x higher as that of the commercially available membrane. In addition, zNANO membrane s h o w e d ion rejection of over 90% for potassium, magnesium, and calcium. These results indicate that the lipid based forward osmosis zNANO membrane has better performance than the commercially available membrane in terms of water flux rates and is competitive in terms of ion rejection. However, more tests are needed to confirm the zNANO membrane integrity over long periods of operation, specific contamination rejections (i.e. urea, ions), and incorporation of the membranes in a variety of different wastewater treatment configurations.
V. Future Works
There are several major areas of future works based on the high water flux results from the zNANO membrane. Due to the unavailability of zNANO's larger sheet of the ML1 FO membrane, two different test setups were used in this experiment. Therefore, to better confirm the data across the variable of membrane size, a larger sheet of ML1 membrane will be tested. Also, zNANO has developed a variety of FO membranes with specialized geometries such as spiral wound modules. These membranes will be tested at ARC to validate the durability of zNANO membrane in waste treatment system. Lastly, the zNANO membranes should be tested for a variety of contaminant rejections for operation in wastewater treatment processes. • nitrite, bromide, and phosphates are non-detected • nd not detected, amount less than 0.5ppm
• cd cannot be detected due to interference of the chloride concentration
